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WAR DEPARTHMENT
UNITED STATES ENGINEER OFFICE
PROVIDENCE, RHODE ISLAND

June 17, 1939,

Subjeet: Supplomontal Report on Hurricano of Scpbtombor 21, 1938, and
Its Effccts on the Coastal Region,

To: The Division Engineer, North Atlantie Division, New York,
New York,

SCOPE AND PURPOSE
1, Scopc, ~ This roport covers only the coastal region within
the limits of the Providence U. 8. Engincor District, Data on the
demages and offeects of the hurricanc in the interior arc not within
the functions of this office to assemble, It is understood that some
of the Stetoes conecrned have or aro making studies on warious aspcets
of the hurricane,

2. Purposc, = Thig report suppleoments a preliminary rcport sub-

mitted on November 12, 1938, in compliance with Division Circular Lot~

tor, dated September 23, 19%8, File N,A.D, 22/%08,1, A4dditional wind,
barometrie, tidal, end wavo data, for the coastal rogionm of this
District, from Chatham, Massachusetts, to Greonwich, Comeectiout, have
been assembled, The corrolation of the various ?hasos of the storm
and its offoets hos boon studied, The purpese of this report is to

present a morc complcte discussion of the relation of esusces and of-

~feets of the hurricane upon the coastal region. The offocts upon

struectures and the natwe of fallures have boon bricfly censidored



with a view to profiting by the exporicnee when future structures arc
designed, Moro complete statistical dats on hurricano flood damagos
hove also boon compiled, The locations of tho various arcas considered
arc shown on the nccompanying maps, File No. R, & H, M, 283, included
as Figures 1, 2, and 3, Some additional locations outsidc the coastal
région arc shown on Figure L,

This report is not an oxhaustive one, but morely supploments an
sarlior immodiate roport. This off'icc has nob tho funds to devote %o
investigation of a research nature, Such studies would, however, be
valuable, They could profitably pursue such individual subjects as the
effects of the hurricane on engincering structurcs, why some stood up
and others failed, with a resultant idoal dosign for the condition bo
bo met: and exominabtions of hurricane effects on beach mnd boach struc-

tures with 2 view to determining best measurcs of boach protoction,



ORIGIN AND HISTORY

3, Origin, = Tho term hurrioceone generally dencbes a cyclonic storm
of extremo inbeﬁsity. Low barometrie prossures, high ".'Jil"ld sy heavy
clouds end rain arc charactoristic of the hurricane, It represemts an
sbrupt large scale conversion of tho potential encrgy latont in atmos-
pheric hont ond moisture into kinetic energy. This onergy is accumte
lated in tho atmosphore in the rogion of sultry calms near the equotor,
This reglon is canlled the doldrums, In the North Atlantic Ocoan it ox-
tends from the vieiniby of Copo Verde on the wostern coast of Africa,
wostward to tho northern const of South America, This belt lies north
of the equator between about 5° and 20° north latibtude, Tho defloctive
cffect of the ocarth!s rotation cousocs a counterclockwise robation of
the disturbance in the northorn homisphore, Wind movement is not
' dircetly toward the low prossure cyclone cenbor, but approachos the
centor in o countorclockwise spiral, Thorcfore, the highest wind
velocities occur ot poinbts to tho right of the conber of the hurricane
poth ymero the spirnl wind movement and that duo to forward motion of
the centor arc in tho samo dircction, Dostruction due to wind is great-
cst on this side to the right of the conbtor, and it is theroforc known
as the "dangerous sami=-circle,”

The bogimning of most hurricanes, affocting the castorn coast of
North America, hos beon traced to two locations, the vielnity of the
Cape Verde Islands, and the wostorn portion of the Caribbean Sca, From
thoe formor 1<;ca'[:i o, hurricanes moye westward, then turn to.the north,
frequently crossing the Wost Indies and samotimes striking the castern

coast of the United Statos, Hurricanes originoting in the Caribbeon
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genorally move northwnrd striking Cuba, the Gulf coast or tho oas‘torn
const of the United States, Their cnorgy is generally dissipated before
they reach about %0° north latitude. The tracks of theso cyeclonic storms
are determined by tho 1ocatic;n of edjacont arcas of higher pressure,

i, Hurricanc Tides, = Hurricanes pe.ssing ovor open wator gonorate

o storm wove or tide, This wove is gonerally the mo st destruetive factor

of hurricones, It accoumbs for a large proportion of the loss of life

and propoerty, whon a hurricanc crossos the coast line, It is caused by
the troactive force -of the strong winds and the low barometrio prossure of
the hurricene cenbter. It appears likely that the wave tekes the form of
8 conical hump of wabter on the swiace of the ocean, Each inch of drop
in barometric pressure csn account for about one foot rise in the water
surface, Probably the vertex of the rise due to drop in pressuré lies
directly vnder the low pressure coenter and advances with it until the
coast line is reachod, The tractive foree of the wind in the dengerous
semircirele apparently affects the occan to considorable depth, and
causes an enorﬁous volume of waber to advance inthe fom of a wavo of
translabtion, The clovation of the ocean surface is probably not raiscd
to a great height by this procoess, until this wavo of translation rcaches
tho shore line, whon the kinctic cnergy of tho moving wator is trensformod
into potential emergy and tho water is piled up to abnormal heights. In
the northern hemisphere the vortex of this rise would lic to the right

of the path of the storm contor. Tho offoct of the oncoming hurricanc on
the tide has been notod considerably in advancce of tho timo when its
sonter roached the coast line,

Both of the foregoing phonomena probobly partoke of the nature of a

-l -



wave of tronslation similer to that of the ordinary gravitationel tido,
As such, tho tidal stages causcd by them would be governod by tho same
laws as those of tho gravitational tide, Thus gravitati mal tidos which
amount to only a fow feet in tho open ocoan are transformed in funncl
shaped bays to much greobor ranges, in some cases amounting to 25 feet
or more, The range of tho hurricanc tide is likewiso increased under
such conditions, Much of the loss of 1life caused by hurricones has beon
caused by the rapid inundation of the land whon these waves of transla-
tion roach inhabitod low coastol land and myshorcs,

The hurricane tide is, in point of timo, indoponiont of the grave
itobional tide, If its time coincides with time of gravitational high
water, the two offocts will be addods if with time of low water, tho
resulting heights may not be extreme, Extrome heights naburally cecur
whon the time of the hurricane tide coineidos with thaot of high wobor
of o spring tido.

The oncoming hurricane tidal wave is froquontly cvidencod by ox-
coptional heights of procoding high ond low wabors, oven whon local
winds aro blowing offshorc, The effcet of the local off shoro winds is
morc than offset by the winds on the opposite side of th e hurriconc cen-
tor which cause an accumﬁlo.tion of wator along the coast.

In addition to the risc of solid wabtor considered in tho fore-
going paragraophs, great oscillatory waves arc produced by the wind,
Those vmves do nobt brook offshorc ond roll harmlessly wp the boach, bub
due to the ebnormal hurricanc tidel stages thoy break against banks,
dunes or structures locatod above the eolevation of moon high wtor,

Breaching of duncs and dostruetion of practically all struetures in their



path cam be attridubed to this wave attaeks The almost continuous wind
pressure forces these waves to roll high up sloping beaches and headw
lands, and holds the water surface higher than in adjacent areas, ese
pecially in confined bodies where the water is not free o advanece, Ex-
eessive high water stages, that cannot be acceunted for by the hurrisane
tidal wave alone, are bellieved to be caused in this manner,

Oselllatory waves caused by the strong winds in the rear guadrant
of the dangerous semi-circle advance in the some direction as the storm
senter, In this quadrant the winds blow in the same direction for a
longer time end waves are built up to greater size. These waves are
propagated in advance of the storm itself. A heavy ground swell is obw
sorved on the coast to the right of the point where the storm center will
strike, Heavy surf where local winds are of insufficient force to produce
any material local agltation of the sea is significant of an approaching
storm,

5 Previous Hurricangs. = During the period of May to November meny

tropical eyclonic storms, which affect the eastern coast of North America,
oocur almest every year, These storms are frequently of hurricane im-
tensity, However, it is a comparatively rare occcurrence fhat one reaches
the New Engiand coast before its energy has been alﬁost entirely dissie
pateds Records have been found of 1 hurriccnes thot reached the New
Englend States with considerable intensity. The carlicst one occurred
in August, 1635, and is deseribed by Governor Brodford of Plymouth
Golony in his Journal, as follows:
"This year, ye 1} or 15 of August (being
Soturday) was such a mighty storme of wind and raine

as none living in theso parts, ocither English or
Indeans, ever saw, Being like {(for yo time it cone



tinved) to those Hauricanes and Tuffons that writers
make mention of in ye Indocas. It began in ye morn-
ing, a 1little before day, and grue not by degrees,
bubt came with vioclencoe in ye begining, to ye gread
amasmente of meny, It blew downoe Sundry (211)
houses & uncoverced othors; diveroco vessolls wore
lost at sea, and meny more in oxbtreme donger, It
coused ye sen to swell (o yo southward of this
placo) above 20 foote, right up & downo, and moke
many Indeans to olime into troos for thelr saftie;

it tooke of ye borded roofe of a house which be-
longed to the plantation at Manamet, and floted ib
to another placo, tho posts still standing in ye
grounds and if it had continued long without ye
shifting of ye wind, it is like it would have drouned
some perte of ye cunbrie, It blew downe mony hundred
thousand of treoes, turming up the stronger by the
roots, and breaking the hiegher pine trees of in the
midle, and ye tall yonge oaks & walnut trocs of good
biggnes were wound like a withe, very strang & fear-
full to behould, It begen in yo south east, ond
parted toward yo south & east, and wvercd sundry woyss
bub ye greatest force of it here was from ye former
quarters, It conbinued nobt (in yo extromibic) above
5 or 6 houers, bub yo violonce bogane to abate, The
signs and marks of it will remmine this 100 years in
theso parts where it was sorest. The moone suffored
a groat colips tho & night afbor it."

The following quotation from the "Dooumentary History of R, I,"
deseribes a disturbance in 1638: |
"on Juns 1, 1638, Winthrop wrote about an
onrthquake which took place, ond again on August 3,
16%8, as follows:
"fhat in the night with a very great tompost
or hiracano at S,W. which drave a ship on ground at
Charlestown and breaks down the windmill thero, and
does much other harm, It flowed twice in six hours
and ebout Narregemsett it roised o tide Uy or 15 foot
above the ordinary spring tides upright,"
Tropical storms in 1757, August 1773, Soptember 180L ond October.
e
180L, are reported to have roached Boston, but no fwrbhor informtion on

them has been found, except that the latter caused considerable damage o

shipping end buildings, A tropieal storm roachod Now Eng land on Auvgust 19,



1786. The accompenying high water caused demnge at New Haven, Co%mecticut,

and the wind damaged buildings and timber inland., On September 23, 1815,

a very destrucﬁive hurricone with nccompanying wave reached the coast of

Rhode Island, Its track coross New England is shown on Figure L. Ex-

treme tidal stages in Narragonsett Boy flooded the City of Providence.

The elevation of the 1815 flood mark as recorded on two toblets located

near ‘the head of navigation is 16.2 feet above mean‘lcw-wafer. The fol=~

lowing quotation is from "Historie Stoms of ﬁew Englend™ by Sidney Perley:
THE GALE OF SEPTEMBER 23, 1815

"#x*The force of the gole was principally
and most severely felt in Narragansett bay in Rhode
Islande The wind swept the baoy, and Providence suf-
fered from its effects more than amy other ploce.
From ten to holfepast eleven otclock it blew a hurri-
cane. About the wharves and lower part of the town
gonorally confusion reigned. High wabter was sbout
half~post eleven oteloek in the forenoon, ond the
wind brought in the tide ten or twolve feet above
the height of the usual spring tides, and soven and
o half foet higher than evor known boforo, overflows
ing and inundoting strecots and vharves. The vessols
there were driven from their moorings in the stream
end fastenings at the wharves with terrible impetuw
ousity, toward the great bridge that comnected the
two parts of the town. The gigantic gtructure was
swept away without giving a momentts check to the
vessels? progress, and they passed on to the head of
the basin, not halting wntil they were high up on the
banks All the vessels were driven ashore, or totally
destroyed, There were wrecked in the cove four ships,
nine brigs, seven schooners and fifteen sloops, After
the storm they lay high and dry, five or six fect
above high-water mark, in the streeots and gardens of
the Sown,xxx

"#xx0n the west side {of the river) the water
rushed impetuously through Weybosset street, which wos
the principal thoroughfare, nearly a yard in depth,
turbently carrying along with it .boats, masts, bales
of cotton, etes, with almost rosistloss force. It
soomed as 1f that portion of the towm wns doomed. Tho
store on Bowon's wharf just below whoro tho bridge had



stood still maintained its place, though mtch injured,
but all the stores below, on the east side, wore
either carried away or so much damaged that thoy wore
in o groat measure useless, Soveral dwolling=houses
on Eddy!'s point wore carried off, leaving not a ves=
tigo behind, In Westminster strect, the water was
from six to cight foet above the pavements, The Sce~-
ond Baptist church, which wos located ncar the water,
was onbirely domolished and that of Rev, Mr, Williams,
which also steood in a very exmosed place, wos considor-
ably injurcd, and if tho tide had continued to risc
but a few moments longor that, too, must have beon do-
stroyed. All the space which but an hour or two be=
fore had boon cccupied by valuable vharvos and storoes
filled with goods, and the river that hod beon crowded
with vessols, were now one wido waste of wabor raging
and furious, Along the higher portion of land wore
heaped togother lumber, wrecks of buildings ard vos=-
sels of overy description, carriagoes, amd bales of
cotton, minglod with houschold furniture, coffso,
soaps candles, groin, flour and othor kinds of mor-
chandise, Those who witnessced it said that it was o
prospeot of such widesproad desclation and hovoce as
was beyond daoseription, *#*

"¥¥*Pive hundrod buildings in all, large and
small, wore destroyed in this galc and flood, vhich,
with other property that was lost, wore walied at f£ifw
teen hundred thousond dollars,

"Boside those persons who were wounded and
maimed, many vaeluable citizons were carried with their
houses into the water, and others were crushed to
death botwoen the planks and the vessels as tho latber
dashed through the greoat bridge. No onc knows how
meny humen lives were lost in Providence, nor how many
cattlc were drowned, After the inundation hod sube
sided, o military force of about threec hundred was
stationed there for several days to prevent pillage -
of the remaining property that was cxposed, No busi=-
noss but that in comnection with the storm could be
done for some time, the strects having first to be
eleared, and then buildings, bridges and wharves re=-
built,

"Providenco profited, however, by the great
calamity in tho general improvement of the towm. In
the place of dilapidated warchouses, spacious brick
buildings arose, new bridges far surpassing tho old
ones in strength and beautiful design were built, and
an ologant and much lorger church occupied the sito of



that which had been destroyed, Fowr years after the
storm the greatly improved appearance of the place in-
dicated an era of prosperity rather than one of loss
and disaster, in spite of the genersl inactivity of
business that had then prevailed for a year or two,

At Bristol, & short distance from Provi-
dence down Nerragansett bay, all the vessels were
driven a great distance in on the land, and con-
siderably injured, There the tide rose seven feet
higher than it was ever known to rise before, and the
wharves were canpletoly swept away, **xAt Point Judith
the lighthouse was destroyed, the large fishing rocks
at the latter place belng removed from their beds, ®k*

skt Now Bedford, all the vessels in tho
port, except two, were driven ashore, and sevoral of
them beaten to pieces,*¥*:

"xxxSome slight demage was done at Falmouth,
bubt in Vineyard sound the water was not so much affeeted
by the wind as in Buzzard's bay,***Farther out on Cape
Cod the wind blew much more modersboly, and st Province-
town nothing suffored from it.

"Hundreds of vessecls other than thosco men-
tioned were lost, the newspapers of thot time saying
that they had not space enough to record tho marine
disasters., At the castern cnd of the Comnocticut
coast the storm was almost as sevore as in Narragan-
sett or Buzzard's bays, At Stonington, the tide roso
seventeen feet higher than usuel, and swept almost
entirely across the town, which is built on o tongue
of land running into the wator, Evorything was washed
from the wharves, and thon the vwharves thomsclves wore
demolished, General disastor provailed among the twenty
vessels in the harbor, every onc of which was cithor
driven ashoroe or sunk, ¥«

"sxxpt Now London, the storm was sovers, and
the tide rosc so high that it carried away outhouses
and fences, and filled cellars, it never having boen
known to rise there so high before,*x*"
Two hurricanes aro reported in Septemboer 1821, Tho first crossed
Long Island and rcached New England on September 3, along o path shown on

Figure L. At New York the wind cemo from the nartheast and east, boecams

vory strong at 5 p.m, end continued with groat violencs for throe hours,



ot

The damege during two hours was reported as greater than ever previously
witnessed in the city, It is stated that the tide rose 13 feet in one
hour. The second reached New Haven, Comnectiout, on Septemberé%h. No
further information on this storm has been obtained.

A tropical storm is reported to have reached Boston on July 2,
182G, On October 3, 18L1, a sevore tropical storm caused great loss of
life and damage to shipping in the vicinity of Cape Cod, The stom wavo
caused tidal stages two to three feet above the wharves in Nantucket Harbor,
The high bank at Siasconset, on the eastern side of Nentucket Island, gave
way for same considerable distence, causing scveral buildings bo be pro=
cipitated down the cliff, Another hurricanse reachod Boston on Septcmber
10 and 11, 1854, A%t Boston it was probably not of great inbensity, but
it is said to have beon veory destructive as far north as Philadelphia,

A storm of groat violenco, but narrow width, occurrcd on September
8, 1849, Perloy describes it as follows:

THE GALE OF SEPTEMBER 8, 1869

"xxxIt passed ovoer Narragensott and Buzzard
bays in o northorly direction, and whon it rooched
tho coast, at Boston, its coursc changed %o tho narthe
cast, following tho shoro as far as Capo Ann, It
then swept ceoross the ocoan to tho ceoast of Malne,
and was feolt but a short distancc below Portland,
Tho eity of Fall River, Mass., wos in the middle of
tho storm belt, but the extremity of Cape Cod os=-
caped tho raging clements, and it was only an ordie
nary storm ot Lowell, Mass,, and ot Nashwn, W, H.

"Groat domage was done on both land and
water. Telograph wiros, trocs, feneccs and chimncys
worc blown down in every dircetion, and a groat
amount of fruit was destroycd. Mony roads wero
blocked with fallon treos, and soveral tall factory

chimnoys woro blown to tho ground, k!

A pamphlot issuod in 1869 by Tillinghast and Mason doseribos tho



effect of the 1869 hurricane on Providence as follows:
THE GRFAT SEPTEMBER GALE OF 1869 IN PROVIDENCE

"Our city has again been visited by flood
and gale, oubrivaling in fury and destructiveness
the terrible storm of 1815,

"On Wednesday morning, September 8th, the
sky was overcast and occasional light showers fell
over the city., In the forenoon, the clouds were dis-
pelled somewhat and the sun came out for a short time,
About noon, the wind sprang up quite fresh from the
southeast blowing up large masses of dark clouds, Bow
tween two end threo otclock P,M., 1t commenced to rain
quite freely, the wind in the meantime blowing much
heavier, A%t four P,M., the wind was blowing o perfcet
hurricanc and the rein coming down in torronts, The
combinoed power and fury of the elaments wero beyond
all deseription, The wator in the harbor roso to a
great height and pourcd over the whorves and into the
strects in the lowor portion of the city with appall-
ing swiftnoss, at cno time rising two foob in twenby
minutes,

"Mighty trecs wore bent by the tompost, some
of them being torn up by the roots, and others shmapped
off like twigs, Boards, bricks, shinglos, portions of
gates and foneos, shuttors, signs, and fragmorks of
all kinds filled the air. Massive buildings rockod
like toys., Roofs of tons of woight woro 1ifted oand
carriod rods away. Heavy strips of tin and mobal were
torn from placcs where thoy had beoen scowroly nailed
and blown like shoots of paper for long distancos,
Stoeplos rocked and foll, Huge bulldings werc crushed
in like eggsholls, Vosscls wore swopt like sticks
upon the shoro, Dwellings wore overburncd and carriages
blown along the sbreot like festheors, TFor the first
timo sineo the advont of telography in this city, wo
were without a singlo 'bap?! from toutside barborians,!®
not a wirc of e¢ither the Western Union or the Franklin
lines boeing in working ordor. The rise of tho watoer
in tho harbor was at ths rate of a foot overy ten
minutes,

"The hurricane sbated its fury about 5:45
PM, and very soon afftorwards the wateor rapidly ro-
cedod, loaving South Water sand Dyer Streots camplotely
covered with tho iwmrockago of tht gale, The wotor
poured imbo THE PRESS office in groat wolume, pubthbing
out the fires in the engine room and submorging the
printing machinery, An editorisl in THE PHESS on the
next dey says, 'The high water mark in the room whore
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we write is eighteen inches above the floor and all

around there are indications of a great fleood, beaten

in history only by Noah's celebrated deluge and the

great gale of 1815,!

"Citizens who experienced the gale of 1815

say that the gale of 1869 was heavier while it lasted

than that of its destructive predecessor, It is al«

most impossible to compute the demage to property on

land and sea, but in our own State alone, it must have

amotmted to humdreds of thousands of dollars.”

Records of the City of Providence indidate that the tide on September
8, 1869 reached a height of 6,2 feet above mean high weter, or about 10,7
feet sbove mesn low water,
Hurricanes occurring between 1869 and 1938 appear %to have diminished

in intensity before resching New England, Those on October 23 - 2L, 1878,
August 29, 1893, September 1896, September 16, 1903, September 190, and
August 1933 coused damege in the Middle Atlantic States. City of Providence
rzcords indicate a tide of 3 feet above mean high water on August 29, 1893,
In addition to sources quoted, information on previous hurriceanes has been
secured from "Hurricenes” by I, R, Tennehill, published in 1938, The
progress of the centers of the hurricanes of September 23, 1815, September
3, 1821, and September 21, 1938, through New England is shown on Figure L

6. TFrequency of Purricanes, - From the information obtained on

previous tropicael cyclonic storms affecting Wew Englend, it eppears that
they occur at intervals averaging little more than twenty years. Iowever,
records indicate that those of 1635, 1638, 1815, and 1869 were the most
viclent in this region, with that of 1938 probably eiceeding in intensity

all others of record, The average interval between these hurricanes of
extreme violence and destruction is therefore about seventy=-five years.
That the earlier storms were not accompanied by great loss of life and
property is due to the fact that the affected regions were sparsely set-
tled at the time, dwellings were not built as close to the shore, roads,
bridges and other structures were few except in such centers as New
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Haven, Providence, and New Bodford. Eoch succceding violent hurricano
exacts a groaoter toll as the dovelopmont and occupancy of the shore
arca inecrcascs, Maoany othor tropleal storms have pussod northward along
the coast with their contors cast of How Englond, In these oases, the
winds havo been loss sovero, being of opposite dircetion to the progross
of the conter of tho hurrieannc. About half of the hurricancs enumcratod

oceurrod during the month of Scpbonber,
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19%8 HURRICANE

7. Poth of Storm, ~ Thoe hurricanc of Soptemboer 1938 vms first ro-

ported on Scptombor 1%th at a location nob far west of the Capo Vorde Is-
lands. It followod the normsl wostward and slightly northward coursoc of
similar storms as it crossed the Atlantic through the trade-wind belt,
then swung northward along tﬁo oastern const of United States around the
westorn side of o high pressuro aren in the Atlontie, Tho centor was re~
ported due north of Puerto Rico and cast of the Bahoma Islands at 7:30
2,Mey E4S.Tay; on Soptembor 18th, It advanced in a curved poth northwoest-
ward and then northward at a uniform voloeity of about 10 to 15 M,P.H.,
roaching a point cast of Jacksonville, Florida, on the cvening of tho
20th, From this point its path of advanco was slightly cast of north,
but its forward speod ineroased rapidly to about 60 M,P,H, A% this
unusual rate it passed east of Cape Hatteras on the morning of the 2lst,
was off Atlantic City at 1:10 p.m,, off Sandy Hook at 2:15, and arrived
at the southern shorc of Long Island, ncar Fire Island Inlet, at about
2:45 pem.y E.S.T. It entored Conmnecticut approximately 5 miles west of
New Haven at aboubt 3:2%0 p,m., E.S,Ts Tho cenbor conbinuod its northward
progress at an average rate of 50 to 60 ‘M.P.H. It passod wost of Middlo-
town, Comocticut, at b p.m,, woest of Holyoke, Massachusotts, at 5 p.m.,
and turning slightly wost of north passed out of tho Disbrict about 6 to
6:30 pom., E.SeTe It passed west of Burlington, Vormont, at 8 pum., E.S.T.
The storm's forwnrd advanco was thon decoroeasing rapidly, and the contor
wos diminishing in its dopth of gradient. During tho night it passed into
wostern Quobec with diminished forco and movement, Its track across New

England and hourly locations of its conter from 3 to 8 p.m., EeSeTe, are
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ghown on Figure h.

Figurcs 5 to 13, inclusive, showing isobars at 7 and 11 a.nm,,
and hourly from 1 to 7 p.te, E.SsTe, cloarly indicate tho approach and
path of the hurricano low prossure center, Iscbars on Figwoe 5 show
the location and grodient at 7 a.me of tho low pressurc trough which ox-
istod as the hurricone approachod, The trough occupied the rogion ox-
tonding slightly oast of north across the Comcetieut volley., Tho arcas
of higher prossuro offshoro on the North itlantic, and inland toward the
Great Lokes forecod the hurricane combor Ho advonce through this low
prossuro trough., Baromebric data used in plobting isobars wore furnishod
bir the Woather Burcau, Cooast Guard, amd othor sources, Isobars shown ab
intorvals of 0,05 inch on Figuros 5, 6, and 7 at 7, 11 a.,m,, and 1 p.m.,
rospectivoly, indicoto tho gradwnl inercase in tho barometric gradicnt,
Figurcs 8 to 13, inclusive, give isobars at 0,10 inch intervals and
show the steop g*adicent owisbting ncor the contor of tho storm., Thoe wider
spacing of tho isobars at tho loteor timos indicates the diminishing ine-
tonsity of the hurricane as it reanchod northern Now England,

8. Barometrie Rccords. « A cenbral aron sbout 10 to 15 miles in

dionmeobor appoars to hove had o baromobtric pressurc of 28,0 inches or
lowor, As tho contoer progrossod northward overland, the conbral pros-
.suro rose, Thc minimum central prossuro west of Burlington, Vormont,
was probably about 28,6 inches, This comber of lowest prossuro is
frequently colled the eye of tho storm. The Coast Guard Station ab
Bollport, Lomg Island, roported o borometric pressurc of 27,94 inchoes
cab 3 pun,, EW8.T, This is tho lowest pressure that hos corme to the ob-

tention of this offico, Minimum baromebric prossures, corrccted to sca
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lovel, reported by the Weathor Burcau, woro as follows:

MINIMUM BAROMETRIC PRESSURES ~ SEPTEMBER 21, 1938

: Timo Barometer
T,ocation PeM,=E.S5.T. Inches
Sandy Hook, N, J. 2115 28,71
New York, N. Y, 2:4%=3:00 28,72
Babylon, L. I, 3:00 28,0
Bridgeport, Comn, 28,30
Wew Haven, Conn, %:50 28,11
Block Island, R, I, 3:05 28,66
Providence, R, I. 3:30 28,90
Wantucket, Mass, %1350 _ 29. 39
Hartford, Comn, L:17 . 28, oly
Amherst, Mass, 28.L41
Worcester, Mass, 28,68
Boston, Mass, 5130 20,09
Albany, N, Y. 5:00 28,65
Concord, N, H, 28,91
Hanover, N, H, 28.70
Rutland, Vi, ' 28.74
Northfield, Vt, 7:30 28,77
Burlington, Vt, 8:00 28,68

Barograph records for locations near the center of the disturbance,
as New Haven, Middletown and Hartford, show that the atmospherioc pres-
sure declined gradually until about noon mn Septernber 2lst, From noon
until about L p.m, the drop was very rapid and amounted to about 1-1/h
inches. The subsequent rise was at sbout the same rate until about
8 p.m. vhen the noon pressure had been regained, The rise after 8 p.m,
was gradual, Barographs for more distont sgbations weroe similar cxcept
that the pressure drop was smller,

It is reportod that the cye of the storm was clearly observed at
Nowr Havén. Winds that hoed beon easterly since about noon diod betweon
% and L p.m., and were followed by increasing southwesterly winds,

9. Eifgff -~ Wind dircctions and volocitios at sclected stations

arc shown by arrows through the locations on Figurcs 5 to 13, inclusivoe.



In thé abscnoe éf dircoet observations of instantancous direetions and
velocitics on the hour, the moan of the mov?nents during the precoding
and following hours arc shown, Length of arrow indicatos the wind ve-
locity in milos por hour to tho sealc shown, Tho wind movement ii’l o
countorclockwiso spiral toward the low prossurc comber is eclearly showm,
espocially on Figures 9 to 13, inclusive, whon the center was over Now
Englend. Tho shift in wind diroction at Now Haven from cast to south-
wost, on passage of tho oye botween 3 end L pem., is ovident, Tho region
of strongest winds lies in the dangerous somi-cirele at a distancoe of
about 75 miles to the right of tho storm cenber,

Meximum S-minute velocitios ond directions, with their times of
ocecurrenco at sclected Weathor Bureau stations, are givon in tho follow-
ing tebulation ond shown on Figure 1, The timos indicated are at tho
ond of the S5-minute poriod, Roported gust velocities are also given in
the following taoblo:

WIND DATA - SEPTEMBER 21, 1938,

s T VoXimum H-Minute Data
Location : Timo sVelocitysDircetion: Maximumm Gust
:pem, = E,S.T,: M,P.H, : sVelocity = M,PLH,

Albany, N, Y, : ——— - S -
Block Island, R, I, :2:58 and 3:09: 82 :  SE : 91
Boston, Mass, : 5230 : 73 S : 87
Burlington, Vt, : 9:l s L7 o S : 56
Concord, N, H, : Sely7 : 5 : SE : -
Bastport, Me., : 10:2 : 22 s SE 3 -
Hartford, Coun, : 3:21 + L6 ¢ NE : 59
Nantucket, Mass. : 3:Bl : 52 : SE : 57
Yow Haven, Conn, : 2:2% : 3B+ NE : L6
New York, M. Y, : 3:39 ¢ 70+ NW : 80
Northficld, Vt, : 7:49 s L7 S : 52
Portlond, Mo. : 8:37 L3 S : -
Providence, R. I. : h:05 + 87 :  sw : 95
Milton, Mass., (Bluo : : :

Hill Obscrvatory) e : 121 S 3 183
Mt, Weshington, N.H. 1 5 4o 6 126 '+ SE L -
Sendy Hook, N. J. : Ztol :+ 56 ¢ N : 66




Higher velooities at Blue Hill Observetory and Mt. Washington are
attributed to the altitude of these stations, One minute gust velocity
of 109 M,P,H, was recordod by anemomcter at 3:20 p.m,, abt Fishers Island,
New York, when the instrument broke, Gust wvelocity at this location at
3235 p,m, was estimated at 120 M,P,H, Esbimated maximum velocity reportod
by observer abt Watch Hill Coast Guard Station, Westerly, Rhode Island, was
121 M,P.H.

It is ovident that the torm "dangorous semi~cirelo" was well-chosen,
An ares about 80 miles in wid’c}; from Saybrook, at the mouth of the Con-
necticut River, to Martha's Vineyard and oxtemding northward across
eastern Connecticu'b,‘ Rhodo Island, Massachusetts, Wow Hampshire and Ver-
mont had maximum wind veloeitios over 5 minube poriods ranging from 70
to 90 M,P.H. at low olovations and well in oxeoss of 100 M,P,H, at higher
altitudes. Gust velocitics in this arco werc probably in oxecoss of 100
M.P,H. near sea level, and greator than 150 M,P,H, at higher altitudes,
The destruction of tinber in New Hampshirs and Vermont illustrated on
Plate 1, is evidence of the wind force in exposed locations at the higher
elevations., Much timber was also blown down in the coastal states, as
is alse illustrated by Plate 1. Many well-rooted high pine trees were
broken off at their middle indicabing that the wind action was similar
to that deseribed by Governor Bradford in 1635,

10. Temperature Records, ~ From tomperature records obbained from

the Weather Bureau, isotherms heve been plobted on Figures 5 to 13, in-
closive. They indiocate thabt a largo mass of warm air was loecated to
the east of the Connecticut River in the eastern portion of tho low

pressure trough. Temporatures of 70° to 80° existing in this region
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woere unusual for this date. The highost tomperatuwre rocorded in Now
England in Septomboer wos 88° F, ot Nashun, Now Haempshirc, on the 21st,
Tho humidity of the air in the low pressure trough was high., In the
lower Comooctictt Valley soveral days of rainfall from tho ordinmary
cross=country storm movemont proecedoed tho advent of the hurricane.
Probably tho warmth and humidity occeurring in the region prior to the
hurricane was of ¢msideraoble importance in meintaining the storm in
almost undiminished imtonsity as it crossed Now England.

11. Procipitation. = Several days of rainfall duo to the normal

barometric trough over Now England precoded the hurricans, Tho total
preecipitation in this rogion is thorefore tho combinoed offoect of the
hurricanc and the proceding storm. There is no way of dotormining the
amount duc solely to the hurricane, bub o Woathor Burcau mtoorologis‘t
statcs that three inches is probably a fair estimsto. At Providoenco
rainfall on Soptember 21st was light (0,17 inch) and at Nantucket only
0,0h inch foll on thet day, whilc locations in the Comnccticut Valley
had from 2 to 5 inches, The following tobulotion gives precipitation

records for Sepbomber 21, 1938, furnished by the U. S. Goologieal Survey.

(Tabulation given on following poge. )
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Location
L ]

VERMONT

Barre

Bellows Falls
Burlington
Bast Barnet
Essex
MeIndoes
Middlesex
Northf'ield
Readsboro

S8t. Jommsbury
Somerseb
Vernon
Waterbury

NEW HAMPSHIRE

PRECIPITATION -~ SEPTEMBER 21, 1938.

Concord

Hanover
Manchester

Mount Washington

MASSACHUSETTS

Anmherst

Blue Hill
Boston

Hoosace Tumnel
Lowell
Nantucket

New Bedford
Shelburne Falls
Springfield
Wercester

Precipitation
Inches

253
1e9%
2485
2.72
3037
2425
272
2e 95
L2
2435
143
%.38
Z.12

2.79
2, 37
ledily
L.51

3,88
.19
.10

5019
71
Kol
WOh

357

1428

2496

Loocstion
v ———————

RHODE ISLAND

Precipitation
Inches

Bloek Islend
Providence

CONNECTICUT

Bills Brook
Bloomfield
Burlingbon
Hartford
Hartland Hollow
New Briteain
New Haven
Newington
Soulth Meadows
West Hartford
Woodville

NEW YORK

Albany

1.00
o 17

Lol
500
oo
o 22
5eli6
2.8,
3,02
2443
2418
2.1
he59

3091

New York (Battery Place)3.,71
New York (Central Park) l.05

NEW JERSEY

Semdy Hook
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1938 HURRICANE TIDE

12, Tho coastal wobters of the District have been divided into the
i‘oliowlng fivo scctions to facilitatc tho study of tho hurricane tide of

Septembor 21, 19%8:

1. Bloek Island Sound ond Atlamtic Oecan (Fishers
Island to Buzzards Bay cnbrance)

2. Long Island Sound
3, Narragonsott Boy and Sakonnct River
L, Buzzards Bay

5. Atlantic Ocoan (vieinity of Marthas Vineyord),
Vineyard and Neantuckot Sounds

13, Barly Manifostations. = The approaching hurricano tidal wave

was monifestod early on Septamber 2lst. An cxamination of tho Smm_dy
Hood, Wew Jorsoy, tide curve roveals that tho pmoodiné high wator at
about 5 a,m. was 0,5 foot highor than its predicted height. Tho oxcoss
of actual over prodicted height gradwlly incroased. Tho low wator at
about 11:22 a.m. was 1,1 foot highor than prodicted. The rise to oxtreme
high water was rapid, The poal wos renchod ot 3:45 peme, E.S.T., or 1
hour 53 minutos carlier than predicted (5:%8), O’bhof gbotions for which
heoights of tho proceding high and low wntors are avalloble show similar
oxcoss of actunl over prodicted height., As might bo oxpeocted, the rele
ative offect wos much groatoer at stations cast of the storm conter, Thus,
as showm in the follo:'ring tobulation, thoe oxcoss hoight of tho procoding
high vmtor was 28 and 27 por conmb of the prodicted rango at Now London,
Conmnocticut, and Woods Holo, Massachusotts, rospoctively, locatod east of
the storm centor, agoinst 9 ond 12 per cort for Sandy Hook and Tho Bobe

tery, Now York, located wost of tho contor. Similerly, oxcoss hoights
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of the preceding low wator ot Now London and Woods Holo wore L1 and L5
por cent of the prodicted range, compored with 20 and Uy per cont at
Sondy Hook ond The Battory, respoebively, The smallor porcentoge of
excoss height at the lattor locations may be atbtributed to the larger
rangos in that arca and tho advorsc winds om that side of the stomm
conter. Obsorved and prodictod tide curves for Now London and Woods
Holo for Septombor 21, 1938, based on heights furnished by the U, S,
Coast and Goodotic Survey and othor sources arce ineluded as Figures 15
and 16, rcspoctively., The tido curve from an avtomatic gage at Harwich,
Massachusobts, is shown on Figwoe 17. Proceding low wabtors occurring
carlicr and not falling as low as p.rodicﬁcd at Now London, Woods Holo,
and Horwich, indicate o sudden inercasec in the volums of wator arriving
along the coast about an hour boforc predicted timo of low wator., Data
on proceding tides at four stetions aro lisbod in tho following table,

TIMES AND HELGHTS OF PRECEDING TIDES - SEPTEMBER 21, 1938,

Elevations aro roforrecd to mean ses levol

:Eas“&orﬁ Standard Timo:Helght in Foot: Excoess Hoight

Location : : : Pro= : Ob= :Fb,: % of Proe
sProdictoed : Observed :dictod:sorvoed : :dictod Range
: THigh Wator: : P
Sondy Hooky N.Jde & 5:17 n,m.: 5:00 .M. 2.8 : 3,3 :0,5: 9
Tho Bo.‘b'bcry, N.Y.C.: 5:58 OeTle 2 52!-15 QMg 2 256 H 502 30063 12
Now London, Comn, : 6:ll a.m.: 6:45 ame: 1,5+ 2,3 :0.8; 26
Woods Hole, Mass, : 5:%6 a.m: 5:30 am,: 1,1 : 1,7 :0.6: 27
: tLow Wator : : :
Sandy Kook, N.dJ, :11:22 a.me 211220 2. =2,6 ¢ =1,5 :1,1: 20
The Battory, N.Y¥,C.:12:04 p.m.:12:30 pome: =2,5 : =1.8 :0,7: 1y
Few London, Conn, : 1:08 p,m.:12:45 pom,: =1, 0Lh ¢ =02 :1.2: L1
Woods Hole, Mass, ¢ 1;10 p.m,:11:3%0 o.m.: -1,1 : =0,1 :1,0: L5

14, High Wator Timos, = High wator of the hurricono tido is roported

to hove reached the south shoro of Long Island about 3 p.m,, E.S.T., about

- 2% -



2 hours ocarlior than prodieted, Tho normal gravitationsl high tide along
the south shore is esrliest in the vieinity of Fire Island Inlet. It
reaches Sandy Hook te the v}est gbout; 35 minutes later, sand Momteuk Point
to the east about 50 minutes later, The high water of hurricane tide
propagated in a similar manner. It reached Sandy Hook st 2:15 pem, and
was reported about 3:30 p,m, at Bridgehampton, or about L5 and 30 minutes
later, respectively, than at Fire Island Inlet, High water at Monbauk
Point was probably at about 3:30 pem,, or about 2 hours and 20 minutes
earlier than predicted, That 1t was more advanced relative te the time
of the gravitational tide at this location than at Sandy Hook and Fire
Island Inlet may bo attributed to the greé.'bor offoet of the wind generated
wavé of translabtion in tho "dengerous semi~cirelo,”

Approximate locations of half=~hourly high wobter cobtidal lines for
the predicted gravitati onal high wator, ond for thc combined hurrieanc
and gravitational high water of Sopbember 21, 1938, oro shown on a drawm
ing included as Figure 18, Those cotidnl linos, whiech show locatlons at
which high water occurrcd simultencously, were plotted using times so-
locted as being most roliable of all times repdrte\d for caoch loeatim,
Cobidal linos showing locati ans having the same predic'.bed timo were plotted
from predietions in the Const and Goodetie Survey Tide Tables. The hurrie
cane tidal wave was probably cireuler in plan, Tho location of maximum
tidal amplitudo probably did not coinclde with the path of the low pres=-
sure comtor, bub was ocast of it, This might bo cxpoeted sinee the winds
of the Hangorous somiweircle” wero a moro pobent tide~producing foreo
than the law baromeotric prossure. The path of the vertex appoars to have

epproached the vielnity of Block Tsland Sound, To tho west, Long Island
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being farther south was affocted carlicst. To tho cast at Morthas Vine-
yord ond Nantucket, near the rim of tho conical hump of wator, tho peak
of the rise occurred later. These timos indicato the soml-cireular shape
of the wave front, High wabor in this district occurred oarlicst, aboub
3:3%0 p.m,, E.8,T,, ot Block Island, Rhodo Island, and rocachod tho wostorn
portion of tho Rhode Island shore line about one hour later, East of
Block Island the poak of tho surge reachod Peint Judith about L:li5 p.m,
and Brentoz; and Sakonnct Poinbs about 5 pem, Thoe hurricanc tidal wavoe
moving into Block Island Sound impressod o wave on tho *.:m:t:ors-at the
castern ontronce of Long Island Sound at about L p.m., B.S.T., aboub
2=3/ly hours boforc tho posk of the grovitati mal tide was prodictoed.
Similarly, the waves in Narragonseott Bey and Buzzards Bay wore impressod
at the mironees to those bays about 5:15 p.m,, E.S.T. The shapo of tho
wave front of the gravitational tide is evidently not similar to that of
the hurricane wave., Probably the former approaches from the southeast
and the latter from s little west of south, The portion of the front of
the gravitetional wave approaching between Block Island and Marthas Vinew
yard is farthest advanced, and was predicted at tho entrance to Narragan-
sett and Buzzards Baysabout 5:‘50 p.m, Thersfore, the hurricane tide was
only abvoub 1/)_; hour earlier than the gravitational tide at theso entrances,
This was an important factor in the resulting high waters, as the pesks of
the gravitational and hurricane waves ncarly coincided in Narragonsett and
Buzzards Bays,

The propagation of the peak of the combined hurricane and gravitation-
ol tidal wave wostward through Long Island Sound bogan ot the entrance

about 2-3/); hours before predioted time of high water, At this time the
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gravitational tidel stage had reached aboubt two~thirds of its predicted
heights The westward propagation of the ¢ anbined waves was apparently
retarded by a total of about one houi'. High water reached Bridgeport,
Comnecticut, about 2 hours earlier than predieted, and Willets Poin“b;
New York, at the western end of the Sound aboud 1-3/h hours earlier than
predicted, This retardation indicates that the wave possessed character-
istics of the progressive type of wave, Strong west end southwest winds
over the Sound during this period may heve contributed to this rotarda-
- tiom., As the time differeﬁce botween actupl and predicted high waters
decreased toward the weétern end of the Sound, the gravitatimal tidal
stage rcached e greater proportion of its predicted height, and thus con-
tributed more to the peak heights, Obsorved tidal heights at Bridgepord,
Comnecticut, as reported by the City of Bridgqport are shown on Figure 19,
Tidal curves. for stations in the vieinity of Now York City show both
the direct effoct of the surge vhich roached the south shore of Long
Island sbout 3 p.m,, and the secondary cffect of the wavoe after its wosi~
ward propagation through Long Ilsla.nd Sound, The direct effect caused tho
major peak at Sendy Hook at 3:U45 puam., was propagated throwgh New York
Harbor ond East River causing minor peaks successively at Mill Rook, Holl
Gate at L:15, and at Willebs Point at about L4:20 p.m,, E.S.P. Tho sce-
ondary effeet caused the major peak first at Willets Point at about 7:50
Pellle tﬁon— at Mill Rock about 7:55, and a minor ponk at Sandy Hook about
9:30 pom,, ES.T, It is noted."t:ha‘b at time of predicted high woter at
Sandy Hook, and shortly bofore predicted high at Mill Rock, actuanl stagos
were lower than prodieted stages. This waos pro‘naﬁl‘y duo to the strong

off'shore winds which would have kopt tidel lovols conmsiderobly lower
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than normal if the hurricane tidal wave had not boen suporimposod upon
them,

The propagation of high water of tho combinod waves inbo Narragon~
sott Bay began about 5 pem,, EeSeTe; or about 1/2 hour carlior than pro-
dicted for tho gravitational tide. Tho rolatively norrow passages oost
ond wost of Conanicut Island at tho ontrance probably rotarded thoe surgo.
Time of high wator at Nowport (about 5:30 p.m., EsSeT.) coineided with
prodicted time (53 %2} as neorly as can be detormined, At Providenco,
at the hood of the Bay, tho samo condition cxisbod. Prodicted time of
high water for Providonco wos 5152 pem., ond no doviation of timo of
actunl tido could be detormined, From Nowport to Providence the spocd
of propagation apparcntly vms similar to tho normal speod of tho gravito-
tional tido, Tidal curvos showing tho posk of the risc ot Nowport and
Providenco wdro reconstructed from stoges and timos roported by various
sources, and aro "includod as Figures 20 and 21, rospoctivoly., Tho prop-
ogation of the surge in Sakomnot Rivoer and Mount Hope Bay was similar
to that in Narragansebt Bay. High wabtor at Foll River occurrod aboubs at
its prediected time, 5:15;7 ﬁ.m., Ee3eT, At Scomorsct, Massachusotts, on
Tounton River, opposite Fall River, the Montaup Electric Compony furnished
obsorved hoights which aro shown on Figuro 22. High wotor was roported
at 5:52 p.m, or ot oboubt the prediched +ime,

High water roaching thc mouth of Buzzards Bay about 5 pem.y EeS.Te,

or about 5ﬂ+ hour carlier than predicted, wos propogated to Now Bedford
ond tho hoad of tho boy by about 5:L5 pem. At the lothdr two loeations,
the predicted and actunl timos of high waotor wore almost tho samo. A

tide curve for New Bodford, roconstructod from reported heig;hts s is in=

cluded as Figuroe 23,
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Along tho south side of Cape Cod cast of Wobska Point, and along
the northeast sids of Marthaes Vineyard the gravitational tide was about
one to fowr hours later than the hurricane tide. Ab Nobska Point pre=
dicted time of high water was 6:57 p.m., E.S.T.; and actuwl time about
6 p,m, At Edgartown and eest of Succonnesset Point on Cape Cod predicted
times are from 9:35 %o 9:L45 p.m, Since the hurricome high water reached
this region about 6 p.m., tho gravitational stage at that time wes prob-
ably below half tide lovel, and tho flood stoge of the combined waves
vas much lower in this arocs,

Teble 1 following gives best available data on times of high wator
on September 21, 1938, at wvarious locations in the distriet, and also
the comparison with predicted times.

Table 1

PREDICTED AWD REPORTED HIGH WATER TIMES - SEPTEMBER 21, 1938

Times of High Watcr Approximate
Prodicted Reported Differcnece

Location P Me=EoSeT. PoMomBaSaT, Hours
Moddaket, Nantucket, Mass, 6102 5230 -1/2
Harwich, Mass, | 9:40 6 -3 3
Bdgarbown, Marthas Vineyard, Mass. 9:L40 5230 -l 1/l
Woods Hole, Mass, 6:02 6 -~
New Bedford, Mass. 5:L2 5:445 -
Acooxst, Westport, Mass, 5:5L0 5 -3 /M
Fall River (Scmerset), Mass, 5:55 552 ———
Sokonnot, R, T 5:%2 5 ~1/2
Tivorton, R, I. 5i52 5:50 -
Portsmouth, Re I. 5l 5:40 ——
Nevport, Re I, 5:32 2:30 -
Brenton Pt., Newport, R, I, 5:05 5 -1/2
Bristel, R. I, 52 5:10 i
Providenco, R, I, 5:52 5:50 e
Pt, Judith, R, I. . 5ely2 Lishs -1
Block Islond, R. I, 5:40 3130 -2 1/4
Charlostown, R, I, 6:15 Ly 30 -1 3/
Fishors Island, N, Y. T+00 L:20 -2 3
Wew London, Conn, 7:11 Ll -2 1/2
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Times of High Water Approximate
Predicted Reported Difforenco

Loecation P.Me=EeSeTs PuMo~EJS,T, Hours
Saybrook, Conn, 8:06 5:15 -2 3/
New Havon, Conn, Q:21 6:145 -2 1/2
Bridgeport, Conn, 9:26 7130 -2
Stamford, Comn, 9:26 7:4L5 -1 3/
Willots Point, W. Y. 9:36 7450 -1 3/,
Holl Gatoe, N. ¥, 8:20 7155 -1@
The Battory, W. Y. 6320 1130 -1 3/4
Sondy Hook, . 'J. 5:3%8 %:i5 -2
Fire Island Inlet, N. Y. 5:0% g, -2
Montawk Point, ¥. ¥, 5:51 3130 -2 1/4

15, High Wator Blovations. - Tho olovations of maro than 100 high

water marks wore dotermined by this office. Other high wator clovations
woere sccured from various seurcos. Profiles of high water elevations
along the north side of Block Island Souwnd, the morth side of Long Island
Sound, the shores of Narragansett Bay smd Buzzards Bay, and the shores of
Vineyard and Nenbucket Sounds are shown on Figures 2, 25, 26, and 27,
respectivelly, Due to differences in exposwre of the various locations,
considerable variation exists in high water elevations. An average line
has been drawn, the purpose of vhioch is to represent the approximeto
still water height of the combined hurricene and gravitational tides in
the opén water along tho outor shoro by diminating oxecssive heights

due to wavo splash and tho lesser heights in shcl’ceréd- locotions, Ele-
vations have been reforred to mean tide lovel on these profiles. - Pro-
filos of mean high and mean low wators have been ineluded, Heights obove
either datum plane can bo socured from' these graphs. High water throwh-
out Long Island Sound occurrod about twe hours carlicr than predicted,
The truc offect of the hurricano wave on wator clovations must therefore

be obtained as tho differonce bobweon total hai ghts ond prodicted stages
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at the time of actual high wator., Profilos of thesc predictod stages

are theroforc included on the graphs. Aotual and predictod times dif-
fered little in Narragonsebt and Buzzords Bays, Tho hurricanc tido was
thereforo superimposed on practically the peok height of the gravitobional
spring tide.

Reported high water olevations along the north shore of Block Island
Sound from Race Point, Fishers Island to Westport, Mussﬁchusetts, arc
shown on Figurc 2li. Reported hoights for Fishers Island (except Race
Rock Light) are for locations on the sheltered north side of the island,
Actual heights on the exposed south side would probably be considerably
higher, The difference between average high water profile and predicted
stage is about ten feet at the wostern end of Block Islond Sound, and ine
ereases graduelly along the south shore of Rhode Island, A meximum dif-
ference of about 17 feet is indicated at Polnt Judith ond Brenton Point,
with about 15 feet at Sakonnet Point, At Acoaxet in Westport the dif-
ference appears to be about 135 feet, Those differonces indicate that the
voertox of the hurricane wavo appfoachod the vicinity of Block Island mnd
Narragansctt Bay, Tho.groatest roported still wator elevotion was in the
fog whistle house at Point Judith, whoro the wator mark was 22.1 foot
above mean low water. It doss not scem likely that still water of theo
hurricanc tide reached this hoiglt.. This location is vory éxposcd, and
it eppears more likely that pord of the water thrown up by the wavos ren
into this building, Other oxcessive heights arc 21,6 feot and 19.8 foot
above mean low wator at Bronton and Sokomnet Points, rospectivoly. Thoso
marks wero in'the'open in oxposed locations. Probably wove oction cone

tribduted oonsiderably to theso hoights.
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As shown on Figure 25, the averago effect of the hurrlceme was
an addition of 9 to 10 feet bo predicted stages in the narrow portion of
Long Island Sound from the entrance to Saybrook, Commecticut. The effect
decroased to o minimm of about 7 feet in the wide portion noar Bridge-~
port, Comecticut, and inorseased to about 9 foet in the converging westorn
end of tho Sound,

The ovorage incroasod hoight of wator due to the hurricmme, at loca-
tions in Narragonsctt Bay, is shovm on Figurc 26, Tho offcect gradually
incroeasos from about 9 fcot in Nowport Harbor to aboubt 1% foet in Provi-
dence Harbor. The incroasc in coffect with distance from Nowport is sim-
ilar %o tho incroasc iz; tho meon range of tho gravitational tide, A
closo similarity of the hurricano wave to tho gravitationel wave in
Narregonsett Boay is indicabed.

In Buzzards Bay the differenco botwoen average actunl, ond pro=
dicted stages, os shom on Figuro 26, inecreascs from sbout 9 to about 12
feet from Cubtbyhunk, Massachusctts, to the hoad of the boy, The incrcasc
1s similar to thot of the mean range bobweon theso loeatims,

On 'hhg south gido of Marthas Vingyord an observer sbobes that the
water rosc 1% or 1l fook abowe the usual lovol in onc of theo covos of
Bdgartovm Groot Pond, although this pond is scparated from the ocoon by
0. low barrior bench. Ho reports that tho rise was excocdingly rapid, On
the north side of the island olevations of cbout 8 foot above mean low
water wro roportoed,

The high water profile for Vineyard ard Nonbucket Sounds is showm
on Figure 27. It falls off rapidly to the ocast., Howover, it is ovidont

that the comparativoly low stoges reached cast of Succommesset Point
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wore due to tho fact that tho _poak of tho hurri conc surge reachod this
arca about four hours in advance of that of the gravitational tide. The
hurricanc wave wos thorofaro suporimposed upon stages of tho gravito=
tional tide bolow half tide level, As may be soen on Figure 27, the in-
cronsges in height over prodicted stoeges due to tho hurricone amounted to
about 9 foet ot Cubtyhunk, 8 feot at Woods Hole, 7 foub at Succonnessot
Point, and &6 fect cast of Hyamnis. It is interesting to mote that tho
deercase in offoet due to distance from the cembor of tho surge is much
smaller then thabt duc to the difforonce in timo of the two wavos.
Included as Figuroc 28 i;s o groph showing the variation of the hur~
ricane wave head above prodicted sbage abt time of posk height along
the district outor shoro from Groenwieh, Comecticut, to Chatham, Massa-
chusetts, and in Narragonsctt ond Buzzards Bays. Thoe offect of the
grovitational stoge is therofore oliminated, and tho comporative coffcct
at varieus locations, dw sololy to the hurricone wave, is roadily secen,
The centoring of the surge in tho Warragansott Bay arca is apparont.
The similarity of the hurricane and grovitational waves in Norragansebt
and Buzzoards Bays is indicated. The nomal gravitational wave in Long
Islond Sound is o combination of the stationory and progressive types of
tide wave with tho formor predominating. Corrosponding stages of tide
occurring almost simultancously throughout a body of wober, and graduwnl
inercase in range from onc ond of the bedy to the othar are typical of
the stationary wave, while gradual propogotion and littlo variation in
rongo arce characteristic of'tho progrossive type. As may bo scon on
Figurc 18, tho normal gravitational wave propsgates from o point midwoy

botween Saybrook and New Haven, Commocticut, noarly o tho wostern ond

- 32 -



of the Sound in about one~half hour. This fact end the increase in moon
ronge, o8 shown on Figure 28 indicate the prodeminonco of tho charactoris-
tics of the stati mnery type of wave. As may bc secon on Figurc 18, tho
combined hurricanc omd gravitational wave took almost two hours to prop-
agate tho samo distance, and as showvm on Figure 28, the hurrj.oane wove
did not have tho inerease in hoad from Saybrook to Groomwich, Comeccbicub,
corrosponding to that of the gravitational mesn range, The slower rate
of propagation ond the smllor variation in height of the combined hurri-
cane and gravitational waves, as compared with the grovibational waves,
indicate that the hurricanc vnwve had more of the characteristices of the
progressive typo of wove in Long Island Sound,

An obscrver at Westport, Massochusctts, who waded in waber wailst
deop, romarked on the wormbh of the water. This fact indicatos the pos-
sibility that part of the water which piled up olong tho coast had boen
drivon north from varmor latitudos,

High water clovations determined hy this offico amd thoso furpished
by the Massachusobts Department of Public Works are givon in Table 2 |

following:

(Table given on following page. )
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Table 2

HIGH WATER ELEVATIONS -~ SEPTEMBER 21, 1938

Location

Elov.
above

M,L,W, Open

in &,

Marthas Vinoyard:
Woods Hole

Woods Holc

Woods Holo
Capo Cod Canal
Cape Cod Canal
Cape Cod Conal
New Bedford
Yew Bedford

Now Bodford
Now Bedf'ord
New Bedford
Acoaxet

Fall Rivor
Fall River

46 ek s an ar WP 48 a8 8 a8 ek HE 4P sb  ae

8.2
11,4

10,8

9.7
16.6
15.7
15.7
15.9
153

14,7
1343
15,6
17.5
15,5
15.7

8%ill
or

Bench

Water Remorks Mark
MASSACHUSETTS

:Open :Entronce o Monomsha Pond :Cl &G, 5,
+8t111:Morine Biological Lob, Supply Bldg. 10.&G,S.
: : Eesl Pond s
tOpon :Marine Biological Labas Grass Contour :C.&G.S.
s : Greoat Harbor :
‘S'b:.ll Bureou of Fisherics Bldg., Groab Hbr, :0.4G.S,
: Wings Neck Light :U.S.E,
:+ " :Monument Beoch s
:+ " :Stato Plor :
:Opon +Slocum S8t, Bridge ncar Head of Navig, :Cii ty
: sMitehell and Coggeshall Sits. noear Heod:
: +  of Navigotion 3
:+ " :City Pier No, 3 mear Hoad of Novigotions "
s+ " sRodney Branch Blvd, Clark Cove : "
+ " Ft, Rodman Clark Point s "
¢+ " :Dobris, Atlantic Ave. outor shoro  :C.&G.S.
: " Amoricon Linen Mill, Head Navigation :City
+St111:8holl 0il Dopot, East Sido Tounton R, ¢

Furnished by Mossachusotts Doportment of Public Works

Chathomn
Harwich
Yarmouth
Hyommispord
Falmouth
Falmouth
Falmouth
Falnouth
Falmouth
Falmouth
Falmouth
Falmouth
Falmouth
Falmouth
Falmouth
Falmouth
FPaolmouth
Falmouth
Falmouth

4B A0 40 83 SR 9 €8 BB 6 45 4B Wk am  ws
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:Stage Harbor

Wit chmere Horbor

:Point Goammon

sHyamis Horbor, Imp, Assn, Wharf
:Monavhant Rood at Bowen Pond
:Dovisville Road, Falmouth

:Menauhont Road, Bast of Great Pond
sMonavhant Road at Great Pond
sMonavharnt Rood at Little Pond
tFalmouth Heights near Little Pond
:Grand Ave., Falmouth Hoights
:Clinton St., Folmouth Harbor

:Beach Rond and Surf Drivo, Salbt Pond
:Nobsks Point

:Nobska Pond, Nobska Polnb

tWoods Holo, Little Harbor

:Woods Helo, Oceo.nographlc Inst,
:Choppoguoit Island, ¥
:New Silvor Boeach, Norbh Falmouth
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Elev, Still

above or
M,L.W. Open . Beonch
Location in £, Water Romarks Marl
Bourne : 18,7 :Monument Boach
Bourno + 18,1 +Back Rivor Horbor
Bourno + 15,8: " 18tate Plor
Warcham t 16,32 +Point Independanco, Onsct
Roroham : 15.8: s¥Moin Strect along Warchom Rivor
Taroham : 15,9 :Main Stroct along Warcham River
Varchan : 12,5 sWowoantiec River Bridge
Marion + 16,8: :Sippican Harbor
Marion : 18,8: :Great Hill
Mottapoisctt ¢ 15,%: sMattapoisott Harbor
Fairhavon + 13,9: :Upper End Scontiecut Neck Road
Fairhaven : 11 :New Bodford - Fairhavon Bridge
New Bedford : 1.5 tRodney French Blvd,, Clark Point
Dartmouth : 12,5 1At Bridge over Apponagansett Bay
Westport : 9,9 sHix Bridge
Fall River : 16,1: :Lower End City Wherf, Water Street
Somerset : 15.%: :Riverside Avenue at Brldge, Route 6
RHODE ISLAND

Sakonnet : 19.8:0pen :On Bluff, Sakomet Point :C. &G Se
Sekonnet : 150 +Inlend, at Round Pond :
Tiverton : 17.3: "  :0n rock outerop, NW end of r "

: : : Nannaqueket Cove :
Tiverton : 15,5y " :On slope of road, WW end of : "

s : :  Nammaguaket Cove :
Tiverton : 17.5: "  :At roilrced bridge, Sakomnet River :
Tiverton ¢ 14.9: "  :0n road, Sinclair 0il Depot" " s "
Portsmouth : 16,5: "  :0n housc opposite Bristol Ferry Depot ¢ "
‘Port smouth : 16,1: "  :Debris opposite Bristol Ferry Dépot : "
Middlebovm : 13,1:8t111 :In boiler room, Mclville Fuel Dopot  :U.S.HN,
Newport : 14.8: Opan :0n fonce, near Newport Boeach :City
Newport : 15,1: +On stone, near Balley's Beach : "
Nowport + 15,3: " :0n troo, noar Bailey!s Boach s "
Nowport : 16.8: *  +On trec, Ocean Av,, ncar Price Neck : Y
Nowport : 16,1: " :0m Tele Pole,"” " " " i : "
Nowport : 21.6: " :On Tol, Pole," " Bronton Point ¢
Newport : 20,7: " :0n troo, Atlantioc Ave., " " : "
Newport : 20,3: "  :Debris, Courtry Club " " : "
Nowport : 18,8: "  :Sond Contour, " " " " : "
Nowport : 13.0.St111 :Ft, Adams, in bldg, north ond of port :C.&G,S.
Newport s 11.Ls +Ft, Adams, in dldg, south cnd of port : "
Newport : 12,1:0pexr :0nm Woll, Wellington Avo,., Newport 1City
Nowport H : ¢ Harbor H
Newport : 11,8, " +On bldg. Commereial Wharf, Newport +C.%G,Sa

H H : Harbop



Location

]

Rewport
Newport
Newport
Newport
Bristol

Bristol
Bristol

Bristol
Bristol
Warren
Warrcen

Warren

Barrington
Barrington
Barrington
Barrington
Barringbon
Barrington

Bast
Bast
Basgt
Basgh
East
Rast
East
Bost
Eash

Hast

Providence
Providonce
Providence
Providoneco
Providonco
Providenoce
Providence
Providenco

Providoncoe

Providence

Providence

Providence

Providenco

Providonce

Elev,
above or
M. LW, Open

in £+, Water
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12,2:0pen
11,9 "
11, 7 :Sti1l
15. 2’

16.2: "
15.8; i

5,2,
1600: "
17.%: "
12,8, "

5.2, "
16.7= "
17.2: "
17.6: "
18,2: "
18,3 "
17.)4= ]
7.7 "
17023 "
17.9: "

18,3 "

18,2; "

18.0: "
18.0: "

19.03 "
18002 "

H
16;13 "
18,0: "
17.7: M

17.6:56111
H

1’7.7= "

Still

Bench

Remarks Mark

:0n bldg., Harrington 8%,, Newport Harhor{ity
+On fonce Wellingbon Av., " "
:In shed,Newp.Ges & Lt.Co, " o
:Mean conbour on grass,Naval Train,Sta, :C,.&G,S,
:0n shed ,Herreshoff Boat Yard, Bristol : "

: Harbor - :

1t

+On fence, Lighthouse Service Dock, :
s+  Bristol Harbor :
:In doorway,Colling & Aikwman Plant, +
+ Bristol Harbor t

:On woll, Perry!s Cafe,Bristol Harbor
"

:0n fbnce, near railroad yerds"
:0n fence,Burr Hill Park, Warren River :R,I.
101t pole between Warren & Barrington "

+  Bridges

:0n shed near Bridge oveor Kickimuit R,
100 tree,Adams Pt, Road, Adams Point
10n troe, Rumstliek Rd,, Rumstick Neck
:On tel, pole, Bay Rd., Borrington Bch..
:0n tel, pole, Watson Av., " : "
:Grass contour on lawn, " L
:On housc, Boy Spring Av., W.Barrington:

H

4 se 2 8 e

:On lawn near railroad, Bullock Cove @

tWoshout on tracks,

tt " .

:Chafe line on traestle across Bullock

¢+ Cove

:0n walk near trcstlo across Bullock
¢ Nock
:Debris 1lino near Crescont Park Balle
¢ room, Bullock Noek

:On foundation, Croscent Park Ball-

LU I TR TR T Y

1

tt

: room, Bullock Nouck : "
:In roilroad eut, Socony Vacuum Dock  :0.&G,.S.
:On Barrington Pkway, Watchemoket Cove :U,S5.E.

tIn railread cub 1/2 mile north of Red :7U,&F.S.
: Bridge, Scckonk Rivor ' :

:0n troe insido Greenwood Pt., Ton= :City

: Mile River :
:Dobris 1/2 milo north of Rod Bridgo, :0.&G.S.
:  Sookonlt Rivoer :

:0n wall 1/l milo north of Rod Bridgo, : !

+ Secockonlk River :

tR,I, Hospital Trust Bldg, insido My : "

: door s

:Now Fodoral Bldg, ~ inside : "

- 36 -



Blev, StHill
above or

M.L,W, Open Beunch

Location in ft, Weber Rems.rks Merk
Providenco + 18,5 :8till:Horbor Masbtors O0ffico, Point St. Bri, :0ity
Provideneo : 18,5+ " :Ficld Point ' s "
Conimicut : 16,% «+ " +In house, Bay Av., Conimicut Point :R, I,
Rocky Point + 17,54 + " :Building near old wharf +0.&G. S,
Apponeug : 16,1 :0pen :On bank near R.R, Sta., Greenwich Bay : "
East Greenwich : 15,7 :8%111l:In Yacht Club, Greenwich Cove : "
Wickford :+ 13,6 + " :In Reynolds home, Wickford Harbor . M
Plum Beach + 14,5 :0pen :Debris, Hazards Quarry :U.S.E.
Pettaquamocubt : 18,5 ¢+ " :Debris and erosion in the narrows : "

River t : : :
Narragansett : 16,8 + " sDebris and erosion, lower pier tR., I.
Point Judith : 22,1 :8t11ll:In whisble house, Lighbthouse Service :U.S.E.
Point Judith  : 1L,5 :Open :Debris 1 mile north of point : M
Matunuck : 13,7 :Sti11l:In house, Matunuck Beach : M
Charlestown : 13,1 : " :In garage, SW end Charlestown Pond : M
Charlestown : 14,2 :0pen :Grass combour, SWond " " s "
Woekapeoug :+ 11,9 : " :Dobris and sand rear Post Office : M
Watch #ill : 12,1 18till:Inside Fire Station, Watch Hill Cove : "
Watch Hill : 11,6 ¢+ " :Notch on building " i "oy "
Westerly : 12,2 ¢+ " iInside garage, Pawcotuck Rivoer 1Ca&GaS,
CONNECTICUT

Stonington + 11,0 ¢8H111:In R.R, swibtch tower, noar stabtion 1C,&G. 8,
Mystic 10,8 + " :In eollar, near Murphy Point :
Noank 10,3 :0pen :Dobris on Mystic River "
Groton 11,2 :Still:Electiic Boat Co. bldg. "

11,1y :Open :Dobris on fonee, Esso Co., Shaws Cove
“11,5 :8till:Custon House Whorf - in shop

New London
Now London

“r er 2k o 8

» 48 se re WF ab as

Kow London + 11,2 ¢+ " :Insido Dumonts Harino Stotion = CGity "
: ¢ +  Vhor
New London : 11,6 :0pen :0n steps NY,NH, & H, R.R. Station "
New London : 11,5 ¢+ " :0On pile, Coast Guard Academy Pier : "
New London 1 11,3 ¢+ " ¢In Morritt, Chapman & Scott Coe yard ¢ "
Saybrook : 13,5y :8%i11:In light, outer breakwater ' : "
Branford : 12,0 @+ " :In shed, Branford Coal & Lumber Co. :U.8.E,
Branford : 11,8 ¢+ " :In Branford Yacht Club : "
New Havon + 12,8 :0pen :Debris Fort Hell Park : "
New Haven : 13,01 :8%i11:In keepor®s house, Lighthouse Point ¢
New Havon : 11,9 + " :In machine shop, Tomlinson Aqueduct : "
West Haven : 16,6 :0pen :0n threshold Wilecox Dance Pavilion, : "
H : + Savin Rock :
West Haven : 13,9+ " :0n house rear " " " : "
: ¢ ¢ Soavin Rock :
Bridgeport : 13,8 :8till:Bridgeport Towing Co. office, Strat= : "

: ford Bridgo

-
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Eleve. 8till
above or

MeLoW. Open Bexnich
Location - in ft, Water Remarks Mark

Bridgepord : 13.7 :Open : Baunworth Building :UeSeEe
Bridgeport : 12,8 : 1Door Fayerweather Yacht Club,

: 3 : Black Rock Harber $CediGeSe
Southport : 1344 : " :0n steps Pequot Yacht Club :
South Norwalk : 1146 ¢ " :0n building foundation east of

: : :+  river tUsS4Es
Rowayton : 1443 5 " 1On house, Five=Mile River :
Stamford : U7 ¢+ " sOn tark, Flemmings Coal Dock 1Ce&GeS,
Stamford + 1546 + " :0On lawn, Stemford Yacht Club : "
Coscob : 15¢3 3 " :0n shed NY,NH, & H. power plant :U.S.E.
Greenwich + 1540 ¢+ " :0n boathouse wall, Indian Harbor:

s Yacht Club : M

16, Wave Aetion. - The unusually high speed of translation of the
hurricane in higher latitudes prevented the heavy swell and surf from
giving appreciable waming of the stom's approachs. However, the Ditch
Plain doas’b Guard Station at Montauwk, Long Islend, reported mouhting surf
on Septenmber 20th with moderate to stfong_breezes. At 7 pems the surf was
reported as very high while the breeze was ‘moder&'tc. Wateh Hill Coast
Guord Station reported high surf all day on the 20%th, with moderate to
fresh breczos.

Observations of wave heights and interwvals were mode against great
diffieulties, Visibility was poor duoc to flying spray. Maximum waves
ocourrcd at time of groat emergency, whon attention was being given to
saving of 1ife md property. Necessity of flight by persons ordinarily
able and gqualified to obsorve wave phonomena rcrxicrg rwported data mcagc-:r.
and unrcliobles Holghts for locations with similor dogroos of oxposure
agroe fuirly well., The rcported intervals botween woves probably vary to
a greator dogrec thon was actually the cusc. Reported heights and interwvals
from tho Lighthouso Scrviece, Coost Guard, semd other sourecs arc listoed in
Table 3 followings
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TABLE 3

WAVE DATA - SEPTEMBER 21, 1938

Max, Interval Mox., Height

Ht, of of Effcet
Wave Bebweon Abovo
Location (Foot) TWaves M, H, W, Romarks
Nantuckot Sound
Handkorchiof Lightship 15 - - Short choppy soas,
Great Point, Nantuckoet 6 - -
Cope Pogo Light Lo - - 10t waves in Capo
Pogo Pond,
Edgortown Harbor Light - ol - Little swrf-very
strong curremt; L0O
to 1200 1b, breook-
water stones washed
8 to 10 feet: undore
mined foundations of
light,
Vinoyard Sound
West Chop Light 5 12 scec. e
Nobska Point Light 15 - 10«15t  Moved stonos up %o
' 1500 1bs,
Tarpoulin Cove Light i U5 sce. gt Washod awny stonc
o wall,
Goy Head Light 25 2 min, 15-20¢ Erosion of cliffs,
Vineyard Sound Lightship 25 10 soce, 20t
Buzzards Bay
Cuttyhunk Light 20 15 sce, 151 Hoved 3=ton stones
100 f£t. from M E,W,
Wings Neck Light 8 30 sce, 29t Sond, gravel and
(Wonaumot Neel) rocks washed ovor

rescrvation., LOO
1b. rock lifted +c
12! dbove M, H,W.
Rocks and voter

’ broke windows 29t
above M,H,W.




Mex, Intorval Mox, Hoight
Ht, of " of Effcct
Wove Botwoon Abovo
Location (Feot) wWaves M, He We Romarks

Butlor Flats Lizht L 1-1/2 161
min,

Dumpling Rocks Light - - alal Deoposited stoncs
from breckwator in

first floor-wavcs
broke ovor Lower
about 50t high,

Now Bedford Harbor In — 15t Choppy-irregulay
500.8,

Westport, Mass, 8 ~— 201 Woves appearsd
flatbtensd by wind,
Surf carried build-
ings across low
lond at speed of
about 20 M,P.H,

Narragonsett Bay

less than b2t Shell fish ond
1 min, gravel thrown
through window and
3/M" stair lending
plates broken at
height of 52 ft,

Sekommet Point -

Fall River Ly 5 sec. 151 Choppy waves, many
eddies and whirl-
pools extremely
strong obb currents
before water dropped.

Musselbed Light Station 8 2 min, 15t Large stones washed
VY

Bronton Point Coast Guard 30 20 soc, - Entire lowor story
' wreocked by waves,

Castle Hill Light 15 3 min, L5t 150 1b, stones
washed up on cliff
to B0t above L,W,
Broke glass in
towor L3t high
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Looation

Newport Harbor Light

Rose Islond Light

Gull Rocks Light

Gould Island Light

Prudence Isiland Light

Hog Island Light

Conimicut Light

Sabine Point Light

Pomham Rocks Light

Beavertail Light

Werwick Light

Max, Inteorval Max, Hoight

v, of of Bffect
Weve Bobweon Above

(Foet) Waves M. Ho W,
20 - . 20t
5w=10 - 107
5 15 min, 10
L 8=10 see, 121
10 30 soc. 20°
20  L=5 min, 20!
15 - 18t
10 ) 301
20  30=L0 see, 201
30 - 27
12 Vory 351t

Short

~ Romarks
Large rocks carricd
200 to B0O %,

Lorge stones (over
200 1lbs,) thrown
up to 1O' above

M HoWe

Current rurming
about 20 M.P,H,

Comont wallk end
bullding s washed
away.

Stones w to one
ton moved,

Scaweod and debris
washed into sccond
floor windows ab
22 ft. above L,W,

L=ton stonos movod
more than 5t above
M. H . 1}‘{»

301 crost to trough

200! apart like long
lines of tents reach-
ing across river, 2
cu, yd. stones moved,

One ton stone washed
up to 27°t.

25=%0 1b. stones
thrown 15-18? above
sea wall, surf
breaking almost con-
tinuelly.



Mox, Intorvel Mox, Hoight

Ht. of of Bffoch
, Wove Botween Above
Location (Feat) Waves M, B, W, Romarks
Block Island Sound
Point Judith Light 20 1 min, 251 2~-ton stones depos-
itod 151 above M.H,W.
Watch Hill Light Lo  Short 60t ho-1b: stones
thrown in windows
18t above H.W.
Li=5 ton stonos from
soawall strown
around beach,
Watch Hill 30 - 601 Stones wp to 30 lbs,
washed up over &0t
above M.H, W,
Fishers Island Soumd
Latimor Reef Light 16 30 soc, o0t ;=5 ton stones
lifted 3-4t ond
carriced 15t by
foreo of waves.
North Dumpling Light 2025 5~8 soc, 251 3=l ton stonos
washod wp to 63
above H,W,
Rocc Rock Light : Lo - 201 S=ton stomes car-
ried 50t,
East Harbor, Fishers
Island Coast Guard 10 - -
Long Island Sowmd
Blectric Boat Co,, Groton  ~= 15 sce. - 18" eross chop
lashed inbo sproay
by wind over a
heavy ground swell,
New London 10 10 soc. 10t At Stote Pier.
New London Sub, Basc, USN 3 - Short choppy.



Max, Intorval Max, Height

Bt, of of Effect
Wave Betwecn Above
Location (Foct) Waves M, He W Romarks

Littlo Gull Islond Light 30-35 == 231 2-1/2~ton stone ot 5t
above M. H.,W, moved
10", 1l-ton stonc at
16* above M,H.W. overs
turned, windows brokon
at height of 33t,

Orient Point Light 18-20 Short 251 %=10~ton stones woshod

from breclkwator.

Saybrook Breakwater Light 12  30-90 sec. 21,7t 2-lLi~ton stones washed

75

Falkner Island Light 10 %0 sac. 10t Stonos up to 5 tons
washed up to L' above
M.H'VI.

New Haven Harbor 5 - g1

S. W. Loedge Light 15 1 min. 251 Large stoncs washod

from broakwotcer, Sce=
tion plate ripped from
galley dock above

MW,

Bridgeport Harbor

(Ponfiold Recf Light) 15 1 min, 20t Moved stoncs woighing

1 to 5 tons 10 to 15 -
£t,

Ploasure Boach, Bridgeport 5 5 sce, 10t

Stratford Shoal Light - - 301 Swept deck of light
at 30 ft. elovetion,

Norwalk-Groons Lodge Light 25 - - 1/2-'ton stones moved,

Stamford Harbor 2 - 10?

Groat Cap’cai:;l Taland Light 6 20-30 secc, 201 Stones broke windows
20 £%, abowve M.H,W,

The greabost storm seas in the district werc thirty or more foot in
height and oceurred in exposed locatlons in Block Island Sound, notobly

Sakommet Point, Brenton Point, Point Judith and Watch Hill, All obscrvors
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agreo indopendontly that tho heavy bettoring scas wore at least thirty
feet from orest to trough, The Coast Guard at Brenbton Point timed them
at three per minute. At other exposed locations, such as Cape Poge on
Nentucket Sound, Race Rock in Fishers Island Sound and Littie Gull Tsland,
. Long Island Sound, similar estimsted wave helghts wore reported, Prac-
tically all other observers in exposed locetions in Nantucket end Vineyard
Sounds, Buzzards and Narragansett Bays, Fishers and Long Is